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CATALYTIC PRODUCTION OF UGHT OLERNS RICH IN PROPYLENE 
BACKGROUND OF THE TNVENTTQN 

The present invention relates to converting a hydrocarbon feed to produce hydrocarbon 
compounds containing light olefins, especially propylene and ethylene. In particular, the present 
invention relates to conversion of a hydrocarbon stream containing C4-C7 olefins and/or parafBns 
and includes use of an intermediate pore zeolite. 

Gasoline is the traditional high value product of fluid catalytic cracking (FCC). Currently 
however, the demand for ethylene and propylene is growing faster than gasoline and the olefins 
have higher value per pound than does gasoline. In conventional fluid catalytic cracking, 
typically less than 2 wt.% ethylene in dry gas is obtained, and it is used as fiiel gas. The 
propylene yield is typically 3-6 wt%. 

Catalytic cracking operations are commercially employed in the petroleum refining industry 
to produce useful products, such as high quality gasoline and fuel oils fiom hydrocarbon - 
containing feeds. The endotheimic catalytic cracking of hydrocarbons is most commonly 
practiced using Fluid Catalytic Cracking (FCC) and moving bed catalytic cracking, such as 
Themiofor Catalytic Cracking (TCC). In FCC, a cyclic mode is utilized and cataljrst circulates 
between a cracking reactor and a catalyst regenerator. In the cracking reactor, hydrocarbon 
feedstock is contacted with hot, active, solid particulate catalyst without added hydrogen, for 
example at pressures up to 50 psig (4.4 bar) and temperatures of about 425*'C to 600°C. As the 
hydrocarbon feed is cracked to form more valuable products, carbonaceous residue knovra as 
" coke is deposited on the catalyst, thereby-deactivating'tiietratalystr^^^ 
separated from the coked catalyst, the coked catalyst is stripped of volatiles, usually with steam 
in a catalyst stripper, and the catalyst is then regenerated. Decoking restores catalyst activity 
while the burning of the coke heats the catalyst The heated, regenerated catalyst is recycled to 
the cracking reactor to crack more feed. 

In order to produce higher yields of light olefins, e.g. propylene and butylene, in conventional 
FCC reactors, the trend has been to dilute phase riser cracking with a brief hydrocarbon feed 
residence time of one to ten seconds. In such methods, a small amoimt of diluent, e.g., steam up 
to 5 wt.% of the feed, is often added to the feed at the bottom of the riser. Dense bed or moving 
bed cracking can also be used with a hydrocarbon residence time of about 10 to 60 seconds. The 
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FCC process generally uses conventional cracking catalyst which includes large pore zeolite such 
as USY or REY. A minor amount of ZSM-5 has also been used as an additive to increase FCC 
gasoline octane. Commercial units are believed to operate with less than 10 wt % additive, 
usually considerably less. 

U.S. Patent No. S, 389^2 to Adewuyi et al. describes an FCC process in which the catalyst 
contains up to 90 wt.% conventional large pore cracking catalyst and an additive containing more 
than 3.0 wt% ZSM-5 on a pure crystal basis on an amorphous support The patent indicates that 
although 2:SM-S increases C3 and C4 olefins, high temperatures degrade the effectiveness of the 
ZSM-5. Therefore, a temperature of 950°F to 1 100** F (SIO^C to 593°C) in the base of the riser 
is quenched with light cycle oil downstream of the base to lower the tonperature in the riser 
10**F-100**F (5.6**C-55.6**Q. The ZSM-S and the quench increase the production of C3/C4 light 
olefins but there is no appreciable ethylene product. 

U.S. Patmt No. 5,456,821 to Absil et al. describes catalytic cracking over a catalyst 
composition which includes large pore molecular sieve, e.g., USY, REY or REUSY, and an 
additive of ZSM-5, in an inorganic oxide binder, e.g., colloidal silica with optional peptidized 
alumina, and clay. The clay, a soiuce of phosphorus, zeolite and inorganic oxide are slurried 
together and spray-dried. The catalyst can also contain metal such as platinum as an oxidation 
promoter. The patent teaches that an active matrix material enhances the conversion. The 
cracking products included gasoline, and Cj and C4 olefins but no appreciable ethylene. 

European Patent Specifications 490,435-B and 372,632-B and European Patent Application 

385r538-A describe processes for converting'hydrocarbona^eoits^eedstocks to-olefim m 

gasoline using fixed or moving beds. The catalysts included ZSM-5 in a matrix which included a 
large proportion of alumina. 

Although modifying conventional FCC processes to increase light olefin production can 
increase the yield of ethylene and especially propylene, increasing petrochemical propylene 
recovery fiom refinery FCC's competes with alkylation demand. Moreover, the addition of 
additives such as ZSM-5 to the FCC reactor to increase propylene production, not only lowers 
gasoline yields, but may a£fect gasoline quality. Thus, many of the proposed modifications to a 
conventional FCC process will have undesirable effects on motor fiiel quality and supply. 
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resulting in the need for additional processing or blending to achieve acceptable motor fuel 
quality. 

Thus, it would be advantageous to iq)grade low value refineiy streams to etfaylme and 
5 propylene, while continuing to produce high quality motor fiiels via conventional FCC processes. 

In that regard, other types of processes have been developed for producing olefins from feeds 
not typically utilized in FCC processes which produce motor fuels. Processes for producing 
olefins fit>m paraffinic feeds such as intermediate distillate, rafSnate, naphtha and naphthenes, 

10 with olefin production directly or indirectly, are described, for example, in U.S. Patent Nos. 

4,502,945 to Olbrich et al., 4,918,256 to Nemet-Mavrodin, 5,171,921 to Gaffoey et al., 5,292,976 
to Dessau et al., and EP 347,003-B. The parafiBnic feeds do not contain any significant amount 
of azomatics. These processes di£f^ not only in feed, but in process conditions, variously 
including, for example, a requirement for addition of hydrogen (hydrocracking), use of high 

15 space velocities, accepting low conversions per pass, use of acidic or high alumina zeolites and 
use of alumina binders or other active binders for the catalysts. In addition, little coke is produced 
on the catalyst in connection with many of these processes so that fuel gas must be bumed to 
generate heat for the endothermic reaction. 

20 U.S. Patent No. 4,980,053 to Li et al. describes catalytic cracking (deep catalytic cracking) of 

a wide range of hydrocarbon feedstocks. Catalysts include pentasil shaped molecular sieves and 
Y zeolites. Although the composition of the pentasil shape selective molecular sieve (CHP) is 
not particularly described , a table at column 3 indicates that the pentasil catalyst contains a high 

-proportion of alumina, i.e., 50% alumina; presimiably-as'a-m atrix .'-Deep*6atalytic'€racking " 

IS (DCC) is discussed by L. Chapin et al., **Deep Catalytic Cracking Maximizes Olefin Production'*, 
as presented at the 1994 National Petroleum Refiners Association Meeting. Using a catalyst of 
unspecified composition, the process produces light olefins of C3-C5 firom heavy feedstocks. See 
also, Fu et al.. Oil and Gas Journal, Jan. 12, 1998, pp 49-53. 

30 It is an object of the invention to provide a catalytic convmion process with increased yield 

of C2 and C3 olefins fix)m low value refinery, petrochemical or other chemical synthesis streams. 
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SUMMARY OF THE INVRNTfONT 
The invention includes a process for converting a hydrocarbon feed containing C4 to C7 
olefins and/or parafiBns to hydrocarbon products containing light olefins by contacting the feed 
with a catalyst which comprises zeolite ZSM-S and/or 21SM-1 1, having an initial silica/alumina 
ratio greater than about 300 for the fresh catalyst, and phosphorus. The contacting is under 
conditions to produce light olefin product comprising ethylene and propylene. 

In an embodiment of the present invention, the catalyst will be incorporated with a binder or 
matrix material resistant to the temperature and other conditions employed in the process. Such 
matrix materials can include synthetic or naturally occurring zeolites, as well as inorganic 
materials such as clays, silica and/or metal oxides. 

The conversion conditions of the present invention minimize hydrogen transfer and it is 
preferred to avoid hydrogm addition, hydroprocessing and the use of other catalyst components 
which would introduce excess hydrogen transfer activity. It has also been discovered that in light 
of the selective activity of the catalyst, the process can be conducted at gently higher 
tempmtures than conventional, commercially practiced fluid catalytic cracking, resulting in an 
increase in the rate of conversion to desired products, e.g. propylene and ethylene. Catalytic 
conversion conditions include a temperature from about 950° F (510°C) to about 1300** F 
(704®C), a pressure from sub-atmospheric to about 115 psia (8 bar), a catalyst/oil ratio from 
about 0.1 to about 10, and a WHSV from about 1 to about 20 hr'. In order to provide heat for the 
endothermic reaction, the catalyst is preferably hot, regenerated catalyst such as may be obtained 
by continuously circulating from the regenerator. 



The products of the catalytic conversion process include light olefins, e.g. propylene and 
ethylene, and less than about 5 wt% propane plus ethane. The product light olefins can include 
ethylene plus propylene in an amount of at least 20 wt.% based on total product; or at least 25 
wt%, and even up to 30 wt.% or more ethylene plus propylene. The product light olefins contain 
a significant amount of propylene relative to ethylene, with a propylene^ethylene weight ratio 
greater than about 3 .0. 

The process can be practiced in a fluid bed reactor, fixed bed reactor, multiple-fixed bed 
reactor (e.g. a swing reactor), batch reactor, a fluid catalytic cracking (FCC) reactor or a moving 
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bed catalytic cracking reactor such as used in Thermophore Catalytic Cracking (TCC). A dense 
fluid bed reactor is preferred. A hydrocarbon feed containing C4 - C7 olefins and/or parafi&ns is 
catalytically converted in a catalytic reactor (e.g. a fluid bed reactor) operating under reaction 
conditions by contacting the feed with a catalyst containing ZSM-S and/or ZSM-1 1» having an 
5 initial silica to alumina ratio greater than 300 for the fi^h catalyst, and phosphorus, the 

contacting producing a product e£Quent which includes light olefins. During the reaction, coke is 
formed on the catalyst The product effluent and the catalyst containing coke are separated firom 
each other. The efiDuent is recovered and the catalyst containing coke is regenerated by contact 
with oxygen-containing gas to bum off the eoke and produce hot, regenerated catalyst and to 
10 produce heat for the endothermic reaction. The hot» regenerated catalyst is recycled to the 
catalytic reactor. 

Advantageously, the process produces valuable light olefins useful as petrochemical 
feedstocks with a high propylene to ethylene ratio, a high purity propylene product, low 
15 conversion to aromatics, and low dry gas (e.g. hydrogen and methane) 3dield. 

PETAILFP PESCHrpTTON QF THE IWVENT^OW 
In accordance with the present invention, a hydrocarbon feed containing C4 - C7 olefins 
and/or paraffins is converted to more valuable light olefins. The present process provides not 
only significantly more ethylene plus propylene, over conventional processes, but provides a 
product with a propylene/ethylene ratio greater than 3.0. Typically, modifications to 
conventional FCC processes to improve propylene yield result in an increase in propane yield as 
well. However, since the catalyst of the invention has different activity characteristics than 
conventional FCC catalysts, the process is condudve"to"lullrteEnp^ratur^^ the"^ 
formation of significant propane. Thus, a relatively high purity propylene of at least 80 wt% 
based on the C3 fraction of the product, or at least 85 wt%, and even up to 90 wt% or greater, can 
be achieved. Additionally, only a relatively small amoimt of aromatics, e.g. benezene, toluene 
and xylene (BTX), is produced with a (C2= + Cy=)/BTX weight ratio greater than 3.5, based upon 
the net increase in C2==, Cy= and BTX relative to the feed. Thus, while it is not intended to be 
bound by theory, it is believed that propylene and ethylene can be produced catalytically firom a 
hydrocarbon feed containing C4 - C7 olefins and/or paraffins without significant production of 
propane or ethane and without significant production of aromatics, e.g. BTX. 



25 
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FEEDS 

The hydiocarbon feed stream of this invention will typically be low value refinery or 
petrochemical streams, such as steam cracker by-products rich in C4's and pygas, which have 
poor propylene selectivity when recycled to the steam cracker. The feed stream contains at least 
30%, and preferably 30%, by weight of aliphatic hydrocaibon(s) containing 4 to 7 carbon atoms. 
The hydrocarbon can be straight chain, open chain or cyclic and can be saturated or unsaturated* 
Some contemplated hydrocarbons are n-butane, n-butenes, isobutane, isobutene, straight chain, 
branched chain and cyclic, pentanes, pentenes, hexanes, hexenes, heptanes and hq)tenes. 

The hydrocarbon feed stream of the invention can include light naph&as or rafBnates, 
containing su£5cient amounts of C4 - C7 olefins and/or parafiGns, C4 - C7 cuts finom light naphthas 
or raffinates, catalytic cracked n^htha, coker naphtha, steam cracker pyrolysis gasoline, 
synthetic chemical streams containing sufiBcient amounts of €4*07 olefins and/or para£Gns or any 
other hydrocarbons containing sufficient amounts of C4 • C7 olefins and/or paraffins. Feeds 
containing high levels of dienes, sulfiir, nitrogen and oxygenates are preferably selectively 
hydrotreated prior to employing the conversion process. However, ^propriate feeds with low 
levels of dienes, sulfiir, nitrogen, metal compounds and oxygenates can be processed directly 
fix>m FCC units, cokers or steam crackers without any pretreatment. 

PROCESS 

Catalytic conversion units which are amenable to the invention can operate at temperatures 
60m about 950°F (510°C) to about 1300**F (704X) preferably firom about lOOO'^F (510**C) to 
about 1200*'F (649*^C) and under sub-atmospheric to superatmospheric total pressure, usually 
^fix)m.about 2 tq.l 1 5 psia (0. 1 to 8 bar), preferably firom aboutJ 5 .to 65.psia.(l.to AS.bar). ^ . . 
Because the catalyst used in the invention has different cracking activity relative to conventional 
FCC catalysts, a higher temperature as compared with conventional FCC may be utilized to 
achieve a higher conversion to the desired light olefins. 

The catalytic process can be either fixed bed, moving bed, transfer line, or fluidized bed, and 
the hydrocarbon flow can be either concurrent or countercurrent to the catalyst flow. The process 
of the invention is particularly applicable to a dense fluidized bed process. In this process, the 
hydrocarbon feed containing the C4 - C7 olefins and/or paraffins is continuously passed through a 
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flmdized bed under conversion conditions in the presence of the catalyst and the catalyst is 
continuously circulated between the fluidized bed and a regenerator. 

In a fluidized bed conversion process, the fluidizable catalyst is made up of fine solid 
5 particles having a size range of about 1 to about ISO micrometers and an average catalyst particle 
size of about 20 to 100 micrometers. This catalyst is generally suspended or fluidized by the 
feed. Diluent such as steam or an inert gas can be added to the feed at the bottom of the fluidized 
bed reactor to lower hydiocaibon partial pressure and assist in fluidizing the bed. A hydrocaibon 
feedstock containing C4 - C7 olefins and/or paraffins is admixed with a suitable catalyst to 

10 provide a fluidized susprasion and converted in a fluidized bed reactor at elevated temperatures 
to provide a product mixture containing light olefins. The gaseous reaction products are 
discharged &om the reactor and conveyed to a product recovery zone. Spent catalyst is 
continuously withdrawn 60m the fluidized bed reactor and conveyed to a regenerator. In order to 
rCTiove entrained hydrocarbons fix>m the spent catalyst, prior to conveying the latter to a catalyst 

15 regenerator unit, the catalyst may optionally be conveyed to a dense catalyst bed within a 

stripping vessel where ah inert stripping gas, e.g., steam, is passed through the catalyst bed to 
desorb such hydrocarbons conveying them to the product recovery zone. The spent catalyst 
includes deposited coke which is burned off in an oxygen-containing atmosphere in a regen^ator 
to produce hot, regenerated catalyst. The fluidizable catalyst is continuously circulated between 

20 the fluidized bed and the regenerator and serves to transfer heat from the latter to the former 
thereby helping to supply some of the thermal needs of the conversion reaction which is 
endothermic. The dense fluid bed conversion conditions preferably include a temperature from 
about 950^F (SIO^'C) to about 1250^F (eiT'CX more preferably 1000**F (538^C) to about 1200°F 
(649''C); catalyst/oiLweight ratio from about 0. 1 to about.lO,-andaAveight^hou]ly.=space velocity 

25 OVKSV) of about 1 to 20 hr'-, preferably about 1 to 10 hr\ 

CATALYST 

The catalyst composition includes zeolite ZSM-5 (U.S. Pat. No. 3,702,886 and Re. 29,948) 
and/or ZSM-1 1 (U.S. Pat. No. 3,709,979). While previously, large pore zeolite with ZSM-5 
30 additive were used in fluid catalytic cracking, the present invention uses only ZSM-5 and/or 
ZSM-1 1 without large pore zeolite. Preferably, relatively high silica ZSM-5 and/or ZSM*11 
zeolite is used, i.e., ZSM-5 and/or ZSM-1 1 with an initial silica/alumina molar ratio above 300 
for the fresh zeolite, and more preferably with a ratio of 400, 450 or higher. This ratio is meant to 

7 
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represent, as closely as possible, the molar ratio in the rigid framework of the zeolite crystal and 
to exclude silicon and aluminum in the matrix or in cationic or other form within the channels. 
Ofber metals besides aluminum have been incorporated into the zeolite frameworic such as 
gallium which can be used in the invention. 

5 

The preparation of the zeolite may require reduction of the sodium content, as well as 
conversion to the protonated form. This can be accomplished, for example by employing the 
procedure of converting the zeolite to an intermediate ammoniimi form as a result of ammonium 
ion exchange followed by calcination to provide the hydrogen form. The operational 

10 requirements of these procedures are well known in the art. The source of the ammonium ion is 
not critical; thus the source can be ammonium hydroxide or an ammonium salt such as 
ammonium nitrate, ammonium sulfate, ammonium chloride and mixtures thereof. These reagents 
are usually in aqueous solutions. By way of illustration, aqueous solutions of IN NH4OH, IN 
NH4CI, and IN NH4CI/ NH4OH have been used to effect anunonium ion exchange. The pH of 

15 the ion exchange is not critical but is generally maintained at 7 to 12. Ammonium exchange may 
be conducted for a period of time ranging &om about O.S to about 20 hours at a temperature 
ranging from ambient up to about lOC'C. The ion exchange may be conducted in single stage or 
in multiple stages. Calcination of the ammonium exchanged zeolite will produce its hydrogen 
form. Calcination can be effected at temperatures up to about 5S0*^C. 

20 

The catalyst composition is also combined with a modifier which contains phosphorus. 
Incorporation of such a modifier in the catalyst of the invention is conveniently achieved by the 
methods described in U.S. Patent Nos. 3,91 1,041 to Kaeding et al., 3,972,832 to Butter et al., 

—-^,423,266 to-Young et-al-, 4j590j321 to Chu, 5,1 10,776 to Chitnis-et=ai^«nd-5r2a-M>64r— — ^ 

25 5,348,643 and 5,456,821 to Absil et ai., the entire disclosures of which are incorporated herein by 
reference. Treatment with phosphorus-containing compoxmds can readily be accomplished by 
contacting the zeolite ZSM-5 and/or ZSM-1 1, either alone or in combination with a binder or 
matrix material, with a solution of an appropriate phosphorus compound, followed by drying and 
calcining to convert the phosphorus to its oxide form. Contact with the phosphorus*containing 
30 compound is generally conducted at a temperature in the range of about 2S°C to about 125^C for 
a time between about 1 S minutes and about 20 hours. The concentration of the phosphorus in the 
contact mixture may.be between about 0.01 and about 30 wt.%. 
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After contacting with the phosphorus-containing compound, the catalyst material may be 
dried and calcined to convert the phosphorus to an oxide foim. Calcination can be carried out in 
an inert atmosphere or in the presence of oxygen, for example, in air at a temporature of about 
ISO to ISO^'C, preferably about 300 to SOO^'C, and typically about 0.5-5 hours. 

5 

For use in catalytic conversion processes a zeolite is usually compounded with a binder or 
matrix material for increased resistance to temperatures and other conditions, e.g., mechanical 
attrition, which occur in various hydrocarbon conversion processes such as cracking. It is 
generally necessary that the catalysts be resistant to mechanical attrition, that is, the formation of 

10 fines which are small particles, e.g., less than 20 micrometer. The <^cles of reacting and 
regeneration at high flow rates and temperatures, such as in a fluidized bed process, have a 
tendency to break down the catalyst into fines, as compared with an average diameter of catalyst 
particles. In a fluidized catalyst process, catalyst particles range from about 1 to about 150 
micrometers, and preferably an average catalyst particle size from about 20 to about 100 

IS micrometers. Excessive generation of catalyst fines increases catalyst cost and can cause 
problems in fluidization and solids flow. 

Useful matrix materials include active and inactive materials and synthetic or naturally 
occurring zeolites as well as inorganic materials such as clays, silica and/or metal oxides. The 
20 latter may be either naturally occiuring or in the form of gelatinous precipitates, sols or gels 

including mixtures of silica and metal oxides. Use of a material in conjunction with the above- 
described catalysts, i.e., combined therewith, which is active, may be useful in improving the 
conversion and/or selectivity of the catalyst. Inactive materials may suitably serve as diluents to 
^ ^_^x-^control-the amount-of-conveKion and/or selectivity of the catalyst--Frequently,-zeoliteLGr-.other _<= 
25 crystalline materials have been incorporated into naturally occurring clays, e.g., bentoniie and 

kaolin. These materials, i.e., clays, oxides, etc., function, in part, as binders for the catalyst. It is 
desirable to provide a catalyst having good attrition resistance, because in practice the catalyst is 
often subject to rough handling, which tends to break the catalyst down into powder-like 
materials which can cause problems in fluidization and solids handling. 

30 

The matrix can comprise up to 100% by weight clay. Naturally occurring clays which can be 
composited with the catalyst include the montmorillonite and kaolin families which include the 
subbentonites, and the kaolins commonly known as Dixie, McNamee, Georgia and Florida clays 
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or others in which the main mineral constituent is halioysite, kaolinite, dicldte, macrite or 
anauxite. Such clays can be used in the raw state as originally mined or initially subjected to 
calcination, acid treatment or chemical modification. Clay is generally used as a filler to produce 
denser catalyst particles. 

5 

In addition to the foregoing materials, the above-described catalysts can be composited with a 
porous matrix material such as silica, alumina, zirconia, titania, silica-alumina, silica-magnesia, 
silica-zirconia, silica-thoria, silica-beiyllia, silica-titania as well as ternary compositions such as 
silica-alumina-thoria, silica-alumina-zirconia, silica-alumina-magnesia and silica-magnesia- 
10 zirconia. The matrix can be in the form of a cogeL A mixture of these components could also be 
used. 

In general, the relative proportions of finely divided, crystalline zeolite component and matrix 
can vary widely, with the zeolite ZSM-5 and/or ZSM-1 1 content ranging fix)m about 1 to about 
15 90 percent by weight, and more usually Scorn about 2 to about 80 weight percent of the 

composite. Preferably, the zeolite ZSM-5 and/or ZSM-1 1 makes up about 5 to about 75 wt.% of 
the catalyst and the matrix makes up about 95 to about 25 wt% of the catalyst 

The catalyst containing the zeolite ZSM-5 and/or ZSM-1 1, and a binder (e.g. clay), can be 
20 prepared in fluid form by combining a zeolite ZSM-5 and/or ZSM- 1 1 slurry with a clay slurry. 
Phosphorus can be incorporated by any of the methods known in the art, as discussed more fully 
above. The catalyst can then be spray dried. Optionally, the spray dried catalyst can be calcined 
in air or an inert gas and steamed under conditions well known in the art to adjust the initial acid- 
^catalyzed activity of the catalyst.^^' - -^-^ ^^-^ ^^^^.v,^^ 

25 

In an embodiment of the present invention, the catalyst composition may include metals 
usefiil in promoting the oxidation of carbon monoxide to carbon dioxide under catalyst 
regeneration conditions as described m U.S. Pat. No. 4,072,600 and 4,350,614, the entire contents 
of each incorporated herein by reference. Exan:q>les of this embodiment include addition to the 
30 catalyst composition for use herein trace amoimts of oxidation promoter selected fix>m the group 
consisting of platinum, palladium, iridium, osmium, rhodium, ruthenium, rhenium, and 
combination thereof The cataljrst composition may comprise, for example, from about 0.01 ppm 
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to about 100 ppm by weight oxidation promoter, usiially from about 0.01 ppm to about 50 ppm 
by weight, preferably from about 0.01 ppm to about 5 ppm by weight. 

PRODUCTS 

The products of the catalytic conversion process include light olefins, e.g. propylene and 
ethylene. Preferably, a higher yield of propylene is produced than is usually obtained in 
conventional catalytic cracking processes utilizing a ZSM-S additive. The product includes a 
propylene/ethylene weight ratio greater than about 3.0 based upon weight percmtages of the 
product yields based on total feed. A substantial amount of ethylene is also produced, so that the 
amount of ethylene plus propylene is preferably greater than about 20 wt.%, preferably greater 
than about 25 wt.%, more preferably greater than 30 wt.% as a peiCCTtage of the product based 
on total feed. The product can include less than about 10 wt.%, and preferably less than about 5 
wt.% ethane plus propane. Thus, a relatively high purity propylene of at least 80 wt% based on 
the C3 fraction of the conversion products, or at least 85 wt%, and even up to 90 wt% or greater, 
is achieved. Additionally, only a relatively small amount of aromatics, e.g. benzene, toluene and 
xylene (BTX), is produced with a (€2= + Cy=)/BTX weight ratio greater than 3.5, based on the 
net increase of Q^, €3= and BTX relative to the feed. 

The hydrocarbon conversion based on feed olefins is from about 20% to about 90%, 
prefmbly 40% to 80%. The amount of coke produced generally increases with conversion 
conditions. 

The following non-limiting examples illustrate the invention. These examples include the 
,preparation^and-iise ofa-catalyst-according to, the invention to convert both<a4-butene and a-G5 
C^ cut of a light catal>lic naphtha (LCN) feed to light olefins, the preparation and use of two 
other catalysts in comparative examples and a comparison of the catalyst according to the 
invention with one of the comparative catalysts to evaluate the selectivity for each catalyst to 
propylene at different feed olefin conversions. 

EXAMPLE 1 

A phosphorous containing ZSM-5 catalyst. Catalyst A, was prepared which contains about 38 
wt% ZSM-5, having a SiOj/AljOa ratio of 450: 1, about 58 wt% kaolin clay binder and about 4 
wt% phosphorous. A slurry was prepared by combining approximately 40.8 parts of zeolite with 
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140.S parts of water and thoroughly mixed. To the slurry was added 17.2 parts of concentrated 
H3PO4 and thoroughly mixed. A second slurry was prq)ared by combining approximately 63.S 
parts of clay and 24.2 parts of water and thoroughly mixed. The clay slurry was added to the 
ZSM-S/phosphoric acid slurry and mixed thoroughly for IS min. The mixed slurry was then 
spray dried. The spray dried catalyst was calcmed in air at 1 150^ (62 PC) for 45 minutes and 
then subjected to cyclic propylene steaming (CPS) at 1435'*F (TTP^'Q for 20 hours at 35 psig (3.4 
bar) to simulate equilibrated catalyst The equilibrium catalyst or Ecat in a fluid bed process is 
generated by continuous circulation between reaction and regeneration environments and the rate 
of make-tq)/withdrawal of fresh/aged catalyst. The CPS procedure consisted of exposing the 
catalyst to the following cyclic envirorunent: (1) 50 vol% steam and the balance nitrogen for 10 
miiL, (2) 50 vol% steam and the balance containing a mixture of 5% propylene and 95% nitrogen 
for 10 min., (3) 50 vol% steam and the balance nitrogen for 10 min. and (4) 50 vol% steam and 
the balance air for 10 min. 

The formed catalyst. Catalyst A, was utilized in a bench-scale fluid bed reactor as follows: 15 
grams of catalyst were loaded into the reactor. The reactor was maintained at a temperature of 
about 1000 to 1 100°F (538-593*'C) and a feed of 1-butene was introduced into the reactor under a 
total sjrstem pressure of 8 psig (1 .6 bar). The flow rate of the feed, expressed as weight hourly 
space velocity (WHSV) was maintained at about 3.1 hrK 

Products fix)m the reactor were separated into a gas and liquid product and analyzed using 
standard GC techniques. The selectivity to propylene in the product was found to be 29.3 wt% 
after 2 hours of operation and 43.5 wt% after 1 1 .0 hours of operation. Product selectivity is 
'defined'as massof prodactTyroduc^di)^^a^ converted. The Cj^/Cj^^ ratio'inthe" ^ "^^^ 

product was greater than 3 and the propylene purity, based upon the total C3 fraction of the 
product, was greater than 90 wt%. 

The process conditions, conversion of feed and products are listed below in 
Table 1. 

Example 1 reveals that when a feed of 1-butene was delivered to a fluid bed reactor 
containing Catalyst A, under conversion conditions, there was a relatively high selectivity to 
propylene without significant production of propane or BTX. 
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EXAMFLK2 

As a comparative example, a phosphorus containing ZSM-5 catalyst. Catalyst B, was 
evaluated which contains about 25 wt% ZSM-5, having an initial SiOj/AljOj ratio of 26:1, about 
5 73.6 wt% binder containing silica-alumina and clay, and about 1 .4 wt% phosphorus. Catalyst B 
was prepared m fluid form similar to Catalyst A from Example 1 . However, after spray drying 
and calcination. Catalyst B was steamed at 1200°F (649**C) for 8 hours in 100% steam at Opsig 
(1 bar). 

10 A 15 gram sample of Catalyst B was loaded into the bench-scale fluid bed reactor and 

contacted with a 1-butene feed at conditions similar to Example 1. 

The products were analyzed using standard GC techniques. The selectivity to propylene in 
the product was found to be 16.9 wt% after 2 hrs of operation and 36.9 wt% after 1 1.5 hours of 
15 operation. The Cj^/Ca* ratio was generally below 3, excq>t after 1 1 .5 hours of operation when 
the WHSV was increased. The propylene purify never exceeded 90 wt%. 

The process conditions, conversion of feed and products are listed below in Table 1 . 

Example 2 reveals that the use Catalyst B results in lower selectivity to propylene, with a 
lower purity propylene, than that achieved by the use of Catalyst A. Moreover the use Catalyst B 
resulted in increased production of BTX, compared with Catalyst A. 

TABLE 1 





Example 1 


Example 2 


Catalyst 


A 


A 


A 


A 


B 


B 


B 


B 


Houn on Stream 


2.0 


5.0 


8.0 


11.0 


2.0 


5.0 


8.0 


11.5 


Temperaiuie, *rrc 


998/537 


1051/566 


1100/593 


1099/543 


998/537 


1052/566 


1102/593 


1102/593 


I'lessuie, psig/bar 


8/1.6 


8/1.6 


8/1.6 


8/1.6 


8/1.6 


8/1.6 


8/1.6 


8/1.6 


WHSV 


3J 


3.1 


3.1 


3.1 


3.1 


3.1 


3.1 


5.2 


Feed Olefin PP, psia/ bar 


22.7/1.6 


22.7/1.6 


22.7/1.6 


22.7/1.6 


22.7/1.6 


22.7/1.6 


22.7/1.6 


22.7/1.6 


Botene Conveniao % 


78.6 


76.8 


73.9 


71.6 


88.7 


84.5 


80.8 


73.9 


Seleethily on Converted Buteae, wt % 
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c,- 


6.8 


7.8 


8.4 


7.8 


7.9 


10.8 


13.1 


113 


c,- 


29.3 




41.8 


43.5 


16.9 


25.4 


32.9 


36,9 


Benzene 


1.4 


1.4 


13 


1.9 


33 


3.1 


2.9 


2.4 


Tofatece 


2.9 


2.8 


33 


3.8 


8.7 


7.5 


6.4 


4.9 


C| Azoznatics 


3.2 


2.5 


3.7 


3.8 


8.8 


7.6 


5.7 


43 


Prodact Ratios 






4.3 


4.5 


5.0 


5.6 


2.1 


23 


2.5 


33 


(wtSvt) 


4.8* 


6.4 


5.9 


5.4 


1.2 


2.0 


3.1 


4.1 


C|»Piirity, % 


94 


92 


86 


84 


80 


83 


83 


87 


Q,«Piirity% 


90 


92 


93 


94 


48 


69 


81 


87 


Product, wt% 




0.05 


0.06 


0.10 


0.10 


0.17 


0.14 


0.15 


0.09 


Methane 


034 


0.65 


1.71 


1.83 


0.80 


0^5 


1.43 


0.92 


Etfame 


0.33 


0.52 


0.99 


1.02 


1.79 


1.80 


2-17 


130 


E^beoe 


534 


5.98 


6.24 


538 


6.99 


9.13 


1037 


8,48 


Pmpane 


2.60 


230 


2.15 


2.03 


15.98 


930 


639 


430 


Propcoe 


23.00 


27.02 


30.90 


31.16 


14.98 


21.42 


26.61 


2739 


0.<*Bllt8IIC 


2.55 


237 


2.10 


2.03 


5.93 


4.26 


3.13 


2.70 


I-Butue 


2.24 


1.71 


131 


1.22 


6.90 


4.15 


2.51 


1.95 


Batmes 


21.38 


23.15 


26.10 


28.43 


11.26 


1532 


1932 


26.09 


iHPeatine 


039 


030 


oao 


0.18 


0.93 


0.63 


034 


038 


I-Pntme 


0.80 


0.58 


038 


034 


1.93 


1.11 


0.51 


0.40 




9.04 


9.22 


7.44 


7.85 


4.46 


5.94 


5.90 


7.72 




0.16 


0.27 


0.25 


0.27 


034 


038 


0.35 


0.34 




0.12 


0.09 


0.05 


_ p.04^ - 


0.12 


0.11 


0.06 . 


0.06- 


m-C, 


0.20 


0,12 


0.06 


0.04 


037 


031 


0.09 


u.uo 




0.08 


0.00 


0.16 


0.06 


0.05 


0.05 


0.03 


0.04 


QOkfins 


2.43 


1.91 


0.74 


0.54 


1.07 


134 


1.12 


1.30 




0.65 


031 


0.18 


0.15 


0.70 


0.60 


0.40 


0.33 


Beozcoe 


1.11 


1.07 


0.98 


137 


2.91 


2.61 


2.36 


1.81 




0,15 


0.15 


0.08 


0.07 


0.07 


0.06 


0.06 


0.06 
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0.11 


0.08 


0.04 


0.02 


OOQ 




n Ail 






0^1 


0.41 


0.18 


0.08 


0 1 ^ 


O 17 


U.l J 


n oi 


C, Olefins 


4.72 




2.47 


1 44 




1 ^ 


1.44 


1 AC 


Cf-Naph 


0.11 




0.04 




V.UO 


A Aft 




A AC 




2J26 




7. 67. 








CIA 




QPar 


0J22 




V. u 


O 12 


n in 


U.Uo 


A Ai£ 


A Af 

0.03 


Cf Olefins 


1.84 


1.27 


037 


0.44 


0.09 


V.IO 




i\ on 
U.ZU 


Cg-Naph 


2.39 


2.26 


1.88 


135 


0.69 


0.78 


0.81 


1.00 




0.74 


0.58 


0.47 


0.49 


0.88 


0.75 


0.55 


0.46 


Xylenes 


1.79 


134 


2.24 


2.24 


6.89 


5.66 


4.04 


2.86 




12.35 


9.79 


7.48 


6.73 


4.23 


4.42 


4.13 


4.15 


TOTAL 


lOO.O 


100.0 


100.0 


100.0 


100.00 


100.0 


100.0 


100.0 



15 EXAMPLES 

As a comparative example, a ZSM-5 catalyst. Catalyst C, was evaluated whidi contains about 
25 wt% ZSM-5, having an initial SiCVAliQ) ratio of SS:1, and about 75 wt% binder containing 
silica-alumina and clay. Catalyst C was prq>ared in fluid form similar to Catalyst A firom 
Exanq>le 1, except there was no phosphorus added. After spray drying and calcination, the 
20 catalyst was steamed at 1 lOOT (593*'C) for 12 hours in a 45/55 vol% steam/air mixture at 0 psig 
(Ibar). 

A 1 5 gram sanq>le of Catalyst C was loaded into the bench-scale fluid bed reactor and 
contacted with a C5 - C7 cut of light catalytic mq)htha (LCN)» which contained about 52 wt% 
25"^^ olefins. The reacBonranditibiis wimlm^ and about 30 psig (3.1 bar) ^ 

total pressure. 

The operating conditions, conversion of feed and products are listed below in Table 2. 
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Butenes 


1.65 


12^ 


12.44 


Q-Peatane 


2.86 


1.87 


1.94 


I-Pentane 


15.33 


10.06 


10.36 


Pentenes 


25.56 


5.67 


6.83 


Qs-Naph 


0.30 


0.36 


0.36 




1.28 


0.78 


0.87 


m-C, 


9.02 


5.30 


5.77 


dm-C* 


1.41 


0.87 


0.90 


Q olefins 


15.49 


1.30 


1.44 


Naph 


2.20 


1.07 


139 


Benzene 


2.09 


2.52 


2.27 


n-C 


0.48 


0.30 


0.40 




3.19 


2.04 


2.46 


dm-C, 


1.53 


0.79 


0.95 


C7 Olefins 


7.66 


1.54 


1.84 


CrNaph 


0.88 


0.45 


0.63 


Toluene 


2.77 


6.12 


5.61 


CPar 


1.20 


0.79 


1.11 


Cs Olefins 


1.85 


0,83 


1.38 


CgN^ 


1.25 


0.81 


1.08 


Ethylbenzene 


0.24 


0.72 


0.79 


Xylenes 


1.00 


1.93 


3.82 




0.44 


6.25 


5.02 


TOTAL 


100.0 


100.0 


100.0 



A review of Table 2 reveals that in addition to higher yield of propylene using Catalyst A, 
ttiere was significantly higher purity of the propylene produced using Catalyst A, relative to 
Catalyst C. 

EXAMfLES 

A 2 gram sample of Catalyst A was loaded into a fixed bed down-flow reactor and contacted 
with 1-butene feed at 1 100*»F (SPS^'C) and a WHSV at 5hr'. The conversion of butene decreased 
as the catalyst aged. A second experiment with a sample of Catalyst B was also nuu The 
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product fix)m each test run was analyzed using a GC and the conversion selectivity to ethylene 
and propylene calculated (Selectivity = mass of product olefin/mass of feed olefin converted). 
Figure 1 shows, the Cy='/C2~ ratio for each catalyst and demonstrates the unexpected selectivity 
advantage of Catalyst A for propylene production over a wide range of butene conversion. 

While there have been described what are presently believed to be prefeired embodiments of 
the invention, those skilled in the art will realize that changes and modifications may be made 
thereto without departing bom the spirit of the invention and it is intended to claim all such 
changes and modifications as fully within the true scope of tfie invention. 
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We Claim: 

1 . A process for converting a hydrocarbon feed which includes 

C4-C7 olefins and paraffins to a product which includes light olefins, said process comprising: 

contacting said feed with a catalyst which conQ)rises zeolite ZSM-5, ZSM-l 1 or 
combination thereof having an initial silica/alumina ratio greater than 300: 1, and phosphorus 
under conditions to provide said product containing light olefins. 

2. The process of Claim 1 wherein the zeolite makes up about 5 to 75 wt.% of the 
catalyst, a matrix ntiaterial makes about 25 to about 95 wt. % of the catalyst and the 
phosphorus is preset in an amount of about 0.5 to 10 wt. % of the catalyst 

3. The process of Claim 2 wherein the matrix material comprises silica, alumina, silica- 
alumina, clay or mixtures thereof. 

4. The process of Claim 1 wherein said contacting is canried out in a dense fluidized bed 
reactor or a fixed-bed swing reactor. 

5. The process of Claim 1 wherein said conditions comprise a temperature fiom about 
950° F (SIO^C) to about 1300^ (704.4°C), a pressure fix>m about 2 to about 115 psia (0.1 to about 
8 bar), a catalyst/hydrocarbon feed weight ratio fiom about 0,1 to about 10, and a WHSV fit)m 
about 1 to about 20 brK 

6. The process of Claim 1 wherein the product comprises propylene and ethylene, with a 
Q~ /C2= weight ratio greater than 3^ and a-C^ fiaction containing greater than 80 wt % 
propylene. 

7. The process of Claim 5 wherein the product has a (€2= + C3=)/BTX weight ratio 
greater than 3.5, based upon a net increase in C2=, Cy= and BTX relative to the feed. 

8. The process of Claim 6 wherein the product comprises ethylene plus propylene in an 
amount greater than 20 wt% based on total product. 
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9. The process of Claim 6 wherein the product contains less than about 1 0 wt% ethane 
plus propane. 

10. The process of Claim 1 further comprising: 

a. contacting said feed with said catalyst in a dense fluidized bed reactor under 
reaction conditions to produce a product effluent comprising propylene and ethylene; 

b. separating the effluent and the catalyst, said catalyst containing coke; 

c. regenerating the catalyst containing coke by contact with oxygen-containing 
gas to produce hot, regenerated catalyst; and 

d. recycling the hot, regenerated catalyst to the fluidized bed reactor. 
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